The OhioLINK consortium and OCLC Research collected and analyzed circulation data for libraries within the consortium. The study, which examines the circulation of 28,475,701 items from more than 100 academic libraries, is the largest and most diverse compilation of academic usage data for books ever collected. The authors outline the study methodology, analyze the data, and offer insights into the consortium wide collection usage. Circulation patterns analyzed include subject and language usage, as well as scattering, obsolescence, and duplication. The study results and conclusions offer valuable insights for library collection planning including library purchasing, storage considerations, and future usage prediction.
ibrarians have long been collaborators. The history of cooperative collection development among libraries goes back hundreds of years. Economic, social, and technological changes during the 20th century supported significant growth in library consortia and enabled libraries to collaboratively build their collections. In today's environment, it matters less who owns resources than it does that users can quickly access them.
OhioLINK is a major player among library consortia and has been a leader in promoting resource sharing and cooperative collection development. Resource sharing is a primary goal throughout Ohio's academic libraries and is supported by a strong delivery system, a union catalog, a shared online system, and a history of cooperation.
OhioLINK may be the only library consortium created because of a space problem.
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Due to the burgeoning of library print collections in the mid-1980s, the Ohio Board of Regents was presented with many requests for new or expanded library buildings. Knowing that collections would continue to grow, the Ohio General Assembly directed the Ohio Board of Regents to find an alternative to library construction. Subsequently, in 1986, the Library Study Committee was appointed. This committee went well beyond its charge of solving the collection storage issue and recommended a transformation of Ohio's academic libraries to coincide with the electronic information age by creating a statewide online catalog system with a delivery component. 2 Presented with a unique opportunity to study the collection usage in a library consortium with more than 100 libraries and 600,000 potential users, the OhioLINK Collection Building Task Force and OCLC Research agreed to jointly compile and analyze the circulation data. The goal is to gain a better understanding of how the libraries' resources are used and to identify how the limited resources of the libraries can be used more effectively. 3 The study is limited to analyzing the circulation of printed books and manuscripts and does not include eBooks. Although electronic resources are growing in importance and will play an increasingly significant role in supplying scholarly information, print is not dead and will continue to be an important source of scholarly information for the foreseeable future. Academic libraries have huge collections of print and continue to invest significant amounts in the acquisition of print materials. It is estimated that the OhioLINK libraries have invested over a billion dollars in acquiring, cataloging, and maintaining their print book collections and will need to maintain and manage these collections for many years. Furthermore, it is expected that many of the usage patterns observed for print will also apply to electronic resources.
OhioLINK Consortium
OhioLINK and Innovative Interfaces Inc. jointly developed the shared online system used by the consortium. By 1994, the system-which allows both local circulation and patron-initiated off-campus borrowing-was operational. Since all member libraries use a common circulation system, consistent circulation data was available. Users can use unmediated online borrowing of off-campus books and pick up the books in 2-3 days at a location of their choosing.
Virtually all academic libraries, both public and private, in Ohio are OhioLINK members. The various types of libraries in the consortium are shown in table 1. OhioLINK libraries face the same dilemma encountered by institutions in most consortia-balancing local collection needs against the collective needs. Historically, collections were developed to meet the needs of the local host institution. While academic libraries would share their resources via traditional interlibrary loan, the off-campus use was not a significant consideration for collection development.
However, unmediated borrowing with rapid delivery shifted the focus to the collective collection-the combined resources of the consortium. Emphasizing cooperative purchases enhanced the depth and breadth of the collective collection as a whole. Reductions in library funding also forced librarians to look at how they spent their money based on their collection strengths, research agenda, and usage. Unnecessary duplication within the consortium became apparent, prompting consideration of the optimum number of copies of any one title the consortium should purchase to satisfy both immediate and longterm research needs. Nevertheless, a tension remains between building strong local collections and building a strong collective collection. Effective collection management demands a balance between local and consortial needs.
Literature Review
Since this study is limited to printed books and manuscripts, the literature review focused on studies based on circulation data. Previously, the University of Pittsburgh Study was generally considered to be the most comprehensive study of collection usage. 4 In its day, the Pittsburgh Study was quite controversial after finding that 40 percent of the books added never circulated. 5 That study was done in the 1970s and covered only a single institution rather than a consortium of over one hundred libraries. Joseph J. Branin, then-editor of College and Research Libraries, compared the findings of the Pittsburgh Study and the still-unpublished results of the OhioLINK study. 6 He observed that, after thirty years, even a consortium as well organized as OhioLINK, still had steady duplication rates in the print monographic collection, while usage continued to decline.
One early pioneer in studying library collection usage was Richard Trueswell, whose work in the 1960s identified the 80/20 rule, which was first applied to industry and warehousing, and eventually applied to libraries. 7 His theory that 80 percent of the usage can be covered by 20 percent of the collection has been a standard assumption among librarians for many years.
The 1980s seemed to be a period in libraries where reflection and developing procedures for conducting studies were developed. Broadus summarized some of the previous single institutional use studies. 8 Extrapolating from the various studies, he observed that (1) many books go uncirculated for years, (2) use of materials within the building was similar and proportional to those that circulated, (3) previous use was a good predictor for future use, (4) recent materials received the most use, and (5) Americans did not use a large quantity of non-English publications.
In 1985, Trochim outlined a procedure manual, or "cookbook form" as she called it, for small academic libraries wanting to develop their own individual use studies. 9 Not only did the book provide procedural instructions, but it described how to interpret the survey results. This made it possible for smaller libraries to take advantage of the experiences and expertise of larger institutions.
One of the longest-running circulation studies was done by the Lingnan University in Hong Kong. This fifteen-year study in a non-Western liberal arts university included a collection of books in both English and Chinese. Its results supported previous studies with the finding that 30 percent of the books never circulated and that previous circulation was a good predictor of future circulation. 10 Few studies of collection usage across multiple libraries or in large consortia were found in the literature. The study done by the CARLI consortium in Illinois provided some similarities to the OhioLINK study, including patron-initiated borrowing, but it was limited to a span of five years of usage data based on copyright dates (2003) (2004) (2005) (2006) (2007) (2008) vs. the OhioLINK study that included all volumes in the libraries' collections. 11 The CARLI study included about 25 percent fewer libraries. Findings indicated that (1) the use of the collective collection was high for the five-year period, (2) the consortium as a whole was collecting broadly, and (3) areas of highest number of purchases had the highest usage.
In any large study, it is critical to clearly define the bibliographic units and consistently use terminology. While a variety of terms were found in the literature, the terminology defined by the Functional Requirements for Bibliographic Records (FRBR) was adopted for this study. 12 The following FRBR definition of the group one entities are used: Extensive information on other aspects of the OhioLINK project is available on the project website and includes the project report. 13 The project report (1) presents an overview of the study, (2) provides some of the preliminary findings, (3) describes the data in detail, and (4) provides additional information on how the data were collected and processed. The website also includes extensive tables on the size and usage of the collections at each of the participating institutions. Preliminary results of the study were presented by O'Neill and Gammon at the ACRL 14th National Conference.
14 The results presented here differ from the previous publications by focusing on OhioLINK collective collections and are the first results using the publicly released data rather than the undocumented and proprietary form of the data previously analyzed.
The OhioLINK Data
The OhioLINK data consist of two distinct files; the circulation file and the bibliographic file. The circulation file is limited to records for print books and manuscripts. There are a total of 28,475,701 circulation records, one record for each item held by a participating OhioLINK library. The bibliographic file includes 6,660,250 records (manifestations) in MARC21 format from OCLC's WorldCat, one record for each unique manifestation in the OhioLINK catalog.
Circulation records from participating institutions were collected for a one-year period beginning in the spring of 2007. The raw data from the local circulation systems were extensively processed and reformatted to get the data in a form suitable for analysis. The fields in the revised circulation records are shown in table 2. The Item No. is an item-level identifier and is unique within the institution supplying the data. The OCLC No. is a manifestation-level identifier and can be used to link items at different institutions. Although works are not discussed in this paper, the Work No. is included in the data. In this study, works were identified using the OCLC workset algorithm, 15 which was developed at OCLC Research to cluster all manifestations of a work together.
The Source is the supplier of the data and the Campus identifies the particular location-main campus, branch campus, or other location. For the larger institutions, the Administrative Unit is the top hierarchical unit on the campus holding the item. For example, at The Ohio State University there are three distinct administrative units: University Libraries, Health Sciences Library, and the Law Library. When the administrative units have multiple physical locations, the Administrative Subunit identifies the particular library where the item is located. The administrative unit and the subunit are blank if those units are not relevant, as in a community college with a single library.
The Accession Date is the date the item was acquired or entered into the system. For older materials, this is generally the date the item was entered into the circulation system. The Date of Last Use is the last time the item circulated. A Circulation Status value of 1 indicates that the item can be checked out; a status value of 0 indicates that it is noncirculating. An item was considered circulating only if it was generally available for use by faculty, staff, and students. The circulation status of items can change-for instance, an item might be placed on reserve-so its status at the end of the study could differ from its initial status. The circulation status is based on conditions at the end of the study. The Total Circulation is the cumulative number of times the item circulated since it was initially entered into the system, and the Annual Circulation is the number of times the item circulated in the year observed. In some cases, noncirculating items may have circulated if their status changed or if only users such as faculty were allowed to check out the item.
Analysis
The analysis presented here is limited to the annual circulation. In computing circulation rates, only circulating materials are considered to obtain more reliable estimates. All of the software used for the analysis was developed specifically for this project, and the analysis was performed on Windows The work number as identified by the OCLC Workset algorithm. The work number was determined after the first phase of the data collection and has not been updated.
Source Akron Name of the institution supplying the data.
Campus

University of Akron
The name of the campus holding the item.
Administrative Unit University Libraries
The name of the administrative unit for the libraries holding the item. This will be null if the campus does not have administrative units.
Administrative Subunit Bierce
The name of the subunit within the administrative unit generating the circulation. This will be null if the administrative does not have subunits.
Accession Date 4/12/1993
The date the item was acquired or entered into the system, whichever is later.
Date of Last Use 4/17/2003
The date the item last circulated.
Circulation Status 1
A code indicating whether the item is circulating or noncirculating (1-item is circulating, 0-item is noncirculating)
Total Circulation 9 The total number of times the item has circulated since being entered into the system.
Annual Circulation 0 The number of times the item circulated in the year observed. Most libraries held a substantial number of noncirculating items: reserve materials, rare books, and the like. The percent of noncirculating items in the ARLs and university collections, at nearly 20 percent, was particularly high. The circulation rate is the average number of times an item circulated during the year observed. Only the items that are allowed to circulate are considered in computing the circulation rate. The very low circulation rate of items in the depositories validates the selection policies-low use was the primary consideration in selecting the items for the depositories. The age of the collections was also very similar, except for the two-year campuses (which have much newer collections) and the depositories (which have much older collections).
Distribution of Resources
Duplication Rates
Duplication is an important and frequently discussed issue. How much duplication is necessary; how much is excessive? Every dollar spent on duplicating resources is a dollar less that is available to acquire unique materials. Figure  1 shows the level of duplication, based on the date of publication, for the last hundred years. The duplication level was defined as the average As a result, it is difficult to distinguish between manifestations with multiple copies and multivolume manifestations. To avoid overestimating the level of duplication, multivolume manifestations, as identified from the bibliographic record, were not considered when estimating the duplication level. For books published in the early 1900s, the average number of copies is about 2 and grew steadily until 1970 when it reached a high of 5.2 copies. However, the level of duplication dropped to 4.0 in the early 1970s and has remained relatively steady for the last thirty years. What caused the drop in the 1970s? There is no clear explanation, but it may be more than a coincidence that the drop coincided with the founding of OCLC. Most Ohio academic libraries joined OCLC in the early seventies. OCLC's Online Union Catalog (now WorldCat) made it possible to easily identify the libraries in Ohio that had acquired a particular book, and the availability of this information is likely to have influenced acquisition decisions.
There are several reasons for acquiring multiple copies of a manifestation, including (1) having a sufficient number of copies to supply local needs, (2) when the book is not available locally, to provide it promptly from the collective collection, or (3) the result of local approval plans. Being able to provide the book locally when requested depends on two conditions: having acquired the book and having it available on the shelf. Acquiring multiple copies of high-demand books is often necessary to ensure that at least one copy is available when requested. In other cases, the duplication was not planned; instead, it resulted from the use of similar approval plan profiles.
Even the strongest local collections will not be able to immediately supply every book requested and will need to rely on the collective collection to fill some of their requests. Although OhioLINK is exceptionally fast at providing the material from offcampus, it still takes a couple of days. The collective collection is subject to the same limitations as local collections; the book had to have been acquired by at least one of the member libraries and at least one copy must be available to circulate. It is possible to estimate the duplication level necessary to achieve a given level of availability of books in the collective collection using queuing theory. Even with generous assumptions about circulation periods, with the observed demand pattern, the level of duplication is far in excess of that necessary to achieve a high level of availability. Therefore, it can be assumed that the primary justification for the duplication is either to satisfy local needs or as the result of using similar approval plans. However, even a modest reduction in the duplication would have major benefits. Reducing the duplication level from 4.0 to 3.5 copies could allow for a 50 percent increase in the number of unique manifestations acquired annually or permit acquiring more digital resources.
Subjects
The analysis of OhioLINK subject collections is divided into nine broad subject groups: Materials lacking a valid LCC were included with genre in the Genre & Unclassed group. These broad subject groups were derived from those used in the North American Title Count. 16 The genre includes books that are categorized primarily by what they are rather than by their subject. This subject group includes encyclopedias, indexes, almanacs, bibliographies, and other similar materials. The Genre & Unclassed group comprises about 13 percent of the collection.
The characteristics of the subject collections are shown in 
Languages
The data shed light on the use of non-English-language books compared to the use of those in English. Table 5 shows the general characteristics of the books by language. Not surprising, English-language books dominated the collections. English-language books also had the highest circulation rate, nearly double that of Spanish, the second most used language collection. Russian-language books were the least used. The relative circulation rate compares the circulation rates of the books in the major languages to that of English. Finally, the average age of the non-English-language books was much older than that of English-language books. The proportion of non-English books in the collection by their year of publication is shown in figure 2 . The proportion of non-English books peaked at almost 18 percent of the collection after the First World War but has declined since then. Over the last hundred years, the non-English proportion of the collections declined from approximately 15 percent to about 5 percent. The impact of the two World Wars is particularly notable in the figure. The use of non-English also saw a significant decline during the 
Scattering
Collection usage was widely distributed across manifestations; a few of these were heavily used, but most only circulated a few times if at all. The annual circulation for OhioLINK manifestations is shown in figure 3 . The 100 most used manifestations each circulated over 170 times during the year observed. These heavily used manifestations generally were widely held, often with multiple copies, so that the annual circulation per item would be far lower. 17 The long tail described by Anderson is another example of the use of power laws to explain the use of the library resources. Other power laws, such as Bradford's law, have also been widely used to describe the use of library resources. 18 Trueswell's 80/20 rule-that 80 percent of the usage is generated by 20 percent of the collection-is widely accepted. 19 However, with the OhioLINK data, the pattern observed varied significantly from that predicted by the 80/20 rule. Usage was far less scattered with 7.2 percent of manifestations accounting for 80 percent of the circulation. Of the 5,899,520 manifestations that were permitted to circulate, only 1,041,405 (17.7%) circulated; less than 20 percent of the manifestations accounted for all of the circulation. This observation contrasts with Ettelt's findings that the 80/20 rule did accurately predict book circulation patterns at Columbia-Greene Community College. He reported that "19% [of the books] accounted for 79% of the circulation" and that 75% of the books did not circulate. 20 One possible explanation for the contrasting findings is that community colleges have newer, smaller, and more active collections than do academic libraries in general. 0   50   100   150   200   100 1 ,000 10,000 100,000 1 ,000,000
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To better understand the usage patterns, the collections were grouped into four categories based on the observed usage:
• Noncirculating: Manifestations that are not allowed to circulate. A manifestation was considered noncirculating only if all of its items were noncirculating.
• Unused: Manifestations that are allowed to circulate but did not circulate during the year observed. For manifestations with multiple items, none of the items were used.
• Single Use: Manifestations that circulated once during the year observed.
• Multiuse: Manifestations that circulated multiple times during the year observed. The relative size of these groups for the major subjects is shown in table 6. Overall, 11.4 percent of the manifestations were noncirculating. Most disciplines had a similar proportion of noncirculating books. The Genre & Unclassed category, which included many reference materials, had the largest proportion of noncirculating books, while Medicine had the smallest.
Overall, 72.9 percent of the manifestations did not circulate, and 8.5 percent circulated only once. The individual subject collections exhibited similar usage patterns, with close to 80 percent of the books either not circulating or circulating only once. The Arts & Recreation, Social Science, and Medicine collections were the most active, with over 20 percent of the books circulating at least once. In spite of the widely held belief that science and technology relies primarily on journals, the Science & Technology collection was more active than Language & Literature. Arts & Recreation and Medicine were the most active subject collections, with 24.2 percent of their collection circulating.
The 7.2 percent of manifestations that circulated more than once accounted for more than 80 percent of the total circulation. It should be emphasized that, whether a manifestation circulates or not in a given year is somewhat random. Except for the manifestations that are not permitted to circulate, every manifestation has a non-zero probability of circulating. For many of the books in the long tail, that probably will be very small-but not zero. Collectively, even manifestations with expected circulation rates as low as 0.001 (one circulation expected every 1,000 years) will be used periodi- cally. From a million such manifestations, a thousand would be expected to circulate in any given year. While the number of manifestations that do not circulate, circulate once, or circulate multiple times will remain fairly constant from year to year, the individual manifestations will move between the three groups in a somewhat random process.
Obsolescence
Obsolescence, the decrease in demand over time, is widely assumed to be a major factor affecting circulation and has been extensively studied. Buckland provides an extensive background on the impact of obsolescence on the use of library collections. 
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The OhioLINK data is synchronous-the data cover the circulation occurring in a single year for books published in different years. The information in the WorldCat bibliographic record was used to determine the publication date. Since the corresponding circulation information is also available, the obsolescence rates can be computed.
The OhioLINK consortium is a nearly ideal source for synchronous data to examine the influence of age on book usage. There is detailed information in the bibliographic record to determine the age, the subject, and other relevant characteristics. A common problem with synchronous studies is estimating the size of the population-how many resources were available for use? The circulation of books published ten years ago may be half of that of recently published books. However, that does not necessarily imply that ten-year-old books are obsolete or even that their use has decreased over time. Meaningful usage rates must be based on per-item use-if the library had only half as many ten-year-old books, even though the total circulation was less, the per-item usage would be unchanged. To accurately estimate the circulation rate, it is necessary to know both the circulation and the number of items available for circulation.
The majority of the research on the obsolescence of library resources has focused on the journal literature and has used citations as the measure of use. Brookes proposed that obsolescence was a continuous exponential decay process. 23 That is, usage each year declined by a constant proportion following the negative exponential function. However, more recent studies have concluded that obsolescence is more complex. Alvarez, Escalona, & Pulgarin found that there is "no way to find an aging factor that is time-independent…." 24 Egghe and Egghe and Ravichandra Rao also report similar findings. 25 The observed obsolescence rate for OhioLINK books also did not follow negative exponential behavior. The overall obsolescence rate for these resources is shown in figure 4 along with the obsolescence rates for major subjects. The circulation of new books declines at about 20 percent per year; that is, the circulation for a recent book can be expected to be 20 percent less than what it was the previous year. However, the obsolescence rate slows as the books ages. After ten years, the obsolescence rate decreases to 6 percent. The usage rate for books published prior to the Second World War (70+ years old) did not show any significant further decline with age; the observed circulation rate for the prewar material was relatively stable at approximately 0.035 (35 uses per 1,000 items). Although low compared to new material, the use of the older material still is significant. Collectively, books over 50 years old generated as much circulation as did the material published in the most recent year.
Science & Technology, Medicine, and Business & Economics generally exhibited the fastest obsolescence and eventually stabilized at a relatively low circulation rate. Arts & Recreation exhibited the slowest obsolescence rate, followed closely by Literature and History & Geography. The subjects with lower obsolescence also stabilized at a higher circulation rate than did those with the higher obsolescence rates. Law actually showed a small increase in the usage of its older books.
While age is a good predictor of use, it is not the best predictor-date of last use is a much better predictor of future use. The probability of an item circulating as a function of how long it has been since it last circulated is shown in figure 5 . The probability of an item circulating if it has been idle for ten years or more stabilizes at approximately 0.0075 and does not change significantly for items unused for longer periods. Excluding the resources already in the depositories, there are over 7 million items that have not circulated for ten years or more. Although the usage rate is very low, it is not insignificant; collectively these 7 million items can be expected to generate over 50,000 circulations during the next year.
Limitations and Recommendations
From strictly a statistical perspective, the results presented here apply only to printed books and manuscripts held in participating OhioLINK libraries. However, considering the number, size, and diversity of the OhioLINK libraries, many of the findings are expected to be very similar to those of American academic libraries generally and, to a lesser extent, to those of academic libraries in English-speaking countries. Because of the strong influence of language on usage, the results are unlikely to apply to libraries serving primarily non-English-speaking users. Since OhioLINK is dominated by academic libraries, these results are unlikely to apply to other types of libraries.
A very relevant question is to what extent these findings apply to eBooks. Although print books will continue to play an important role in academic libraries, the importance of eBooks is rapidly increasing; and a better understanding of their usage patterns would assist in the effective development of eBook collections. At this point in the evolution of eBooks, the material available in digital form is very similar to material that either is or has been published in print. Therefore, the authors expect that eBooks, at least in the short term, will exhibit similar usage patterns to print. If equivalent measures of usage were available for eBooks, the authors believe similar usage patterns would occur particularly as they relate to subject and language usage as well as scattering and obsolescence. However, until consistent and reliable usage data is available for eBooks, extrapolating from print usage may provide the best estimates of eBook use available. This study compiled a very large and diverse set of circulation records. It includes circulation records for 28,475,701 different items from more than 100 different academic libraries. This paper only addresses general issues and key findings. However, this rich set of circulation data can support additional research, and further analysis of the data is strongly encouraged. OhioLINK and OCLC have made both the circulation and the bibliographic records publicly available under the Open Data Commons Attribution license for study and research.
26
Conclusions
The OhioLINK libraries collectively have a very comprehensive and diverse collection. While the ARLs hold the largest collections, the combined collections of the other library types were similar in size and contained an equivalent number of unique resources. Except for the depositories, which hold the lesser-used items, the circulation rates were similar across the different types of libraries, with an average annual circulation rate of 0.11 circulations per item. The sciences showed stronger than expected usage, with both Science & Technology and Medicine having average or above-average circulation rates.
The level of duplication increased steadily from about 2 items per manifestation published in 1900 and peaked at over 5 in the late 1960s. Duplication began to drop for manifestations published in the early 1970s, and the current duplication level is now just over 4 items per manifestation. Much of the duplication appears to be the result of local need, since the level of duplication exceeds that required to ensure high Years Since Last Use Probability of CirculaƟng consortial availability. Reducing duplication will free resources for the acquisition of unique material or eBooks. Adding additional eBooks that can be shared consortially would be an alternative to duplicating resources, particularly for less-used books. There has been a pronounced decrease in the use of non-English-language books. The overall circulation rate for non-English items is less than a third of that of English language items and has been dropping. The proportion of non-English items has also declined steadily. Non-English-language material published in the early 1900s comprise over 15 percent of the collection but comprise less than 5 percent of recently published material. The OhioLINK libraries are buying fewer non-English books, and those that are acquired are little used.
Most usage was generated by a relatively small proportion of books: 7.2 percent of manifestations produced 80 percent of circulation. Over 80 percent of the manifestations did not circulate in the year observed. The scattering pattern showed that a few books were heavily used but that a huge number were rarely, if ever, used. Many of the rarely used books were old; all subject areas exhibited a pronounced decline in use over time, with the sciences showing the most rapid decline. However, the obsolescence rate slowed as the books aged and appears to stop after about fifty years. While these older books have a much lower circulation rate than new books, they continue to be used and are an essential part of research collections.
The combination of scattering and obsolescence has resulted in a collection where less than 10 percent of items circulated more than once during the year observed. Collectively, these little-used books are an important and valuable resource that must be retained at least until digital copies are available. Many of these books are ideal candidates for the depositories where they can be kept in a controlled environment with greatly reduced storage costs. The books currently in the depositories were well selected and have low circulation rates. However, a huge number of books remain on open shelves that have circulation rates as low or lower than those currently in the depositories. Previous use is the best predictor of future use and could be effectively used to identify additional books suitable for the depositories.
Notes
